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SUMMARY

'A smooth—water—landing investlgation was conducted wlth a small
seaplane to obtaln experimental wlng—bending—moment time histories
together with time histories of the varlous parameters necessary for the
prediction of wing bending moments during hydrodynamic impact. The
experimental results were compared with calculated results which Include
Inertla~load effects and the effects of alr—load variatlion during
impect. The responses of the fundamental mode were calculated with the
use of the measured hydrodynemic forcing functlons. From these responses,
the wing bending moments due to the hydrodynemic load were calculated
according to the procedure given in R. & M, No. 2221. Thils comparison
of the time histories of the experimental and calculated wing bending
moments showed good agreement both in phase relationship of the oscill—
lations and in numerical values.

The effects of structural flexibility on the wing bending moment
were large, the dynamic component of the total moment being as much as
97 percent of the static component. Changes In the wing bending moment
due to the variation in air load during impact were of about the same
magnitude as the statlic water—load component.

INTRODUCTION

Recent trends in the design of ailrcraft have led to an important
increase of the stresses produced in wings by lending impacts. Two
significant factors contributing to these Increased stresses durlng
landing are an increaséd proportion of the seaplane weight in the wings
and an increased structural flexibllity, since, In most cases, these
factors have caused the ratios of the tlmes to peak of the applied
landing loads to the quarter period of the Pundamental mode to approach
a critical value. :
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Several simplified methods have been developed for determining the
inertia losds in wing etructures during landing impacts, and studies
have been made of the landing—impact inertie loads in simplified
structures with the use of the principles of these methods. (8ee refer—
ence 1 snd bibvliography.) Although experimental investigations have
been made to determine the magnitudes of inertia loads in actual
airplane gtructures (bibliography), little correlation of theory and
experiment has been made concerning the nature and magnitude of inertie
loads in alrplane wings during actual landing impacts.

Another mgpect of the problem of wing loads during landing is the
variation of air load due to changes of attitude and flight path during
impact., The lmportance of thilsg change In air load has been the gubject
of aome speculation but little Iinvestigation.

In order to evaluate the importance of the various components of
the leoad, incliuding dynamic effects and variation in air load, data wers
obtained during full—scale landing tests of a small seaplane to provide
8 comparison of actual wing logds with thoge predicted by a simplified
method (reference 1).

The present paper glves a comparison of the theoretical and
experimental wing loads, in the form of time histories of the wing
bending moments, and discusses the contributions of each of the components
of the moment—(stetic water—load moment, dynamic water—load moment, and
air-load moment) to the total. The static and dynamic components of the
total moment were calculated and cambined according to the procedure of
reofersnce 1, with the responses of the fundamental mode belng calculated
from the recorded time histories of the applied forces. The air—losd
component was calculated by the procedure of the appendix.

BYMBOLS
Cr, 11ft coefficient (—2£L>
g acceleration due to gravity (32.2 £t/sec?)
L 1lift, pounds
M bending momsnt in wing, pound—inches

load factor, multlples of g

B

1] wing surface ares, sgusre feet
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T duration of impact, seconds

t time, seconds

ty time to peak of applied load, seconds

tn natural period of fundamental mode, seconds

u dynamic response factor, ratic of maximum total water—load wing
bending moment to msximum statilc wa:ber_—loa.d. bending moment

v velocity of seaplane, feet per second

o engle of attack, degrees

¥ flight—path angle, degrees

A prefix denotlng change

o) density, slugs per cublc foot

o regponse

Ty gtatic response

T trim angle, degrees

w clrcular frequency, cycles per second

Subscripts:

av average

c corrected for air load

h horizontal

pal normsl to ksel

o at tims of water contact

P parallsl to keel

recorded



L : S © <« NACA TN 2063

T total
v vertical
max maximum . .

APPARATUS AND INSTRUMENTATION

The alrplane uged in the present lnvestlgation was a small two—
engine geaplane (fig. 1). Pertinent information about the seaplane ig
glven in table I, and additional Informatlon may be obtained from
reference 2. The frequency and shape of the fundamental wing bending
mode were found from ground vibretlon tests and are given in table IT
and figure 2. The spanwlse welight distribution 1s also given in

table IT.

The trim varlation was measured with a gyroscopic trim recorder
mounted in the cabln floor. The alrspeed was measured with an NACA
alrspeed recorder, pltot—static—tube type, mounted above the cabin,
Accelerstions of the center of gravity were obtained from an NACA
optical-recording three-—component accelerometer mounted securely in the
fuselage near the center of gravity. The time of contact was determined
from a water—contact indicator located on the keel at the main step. _
The hull.immergions were determined from pressure gages lnstalled along
the bottom of the hull. The wing bending moments were measured by means
of a straln gage mounted on the wing main spar 9 inches from the center
lineg of the seaplane (hereinafter referred to as station 9).

The estimated accuracles of the experimental date based on
calibration, instrument, and readlng error are as follows:

Horizontal velocity, Vi, feet per second . . . . ¢« & . . 0, , , +h
Trim angle, T, GELE6S . v v o o e + ¢ 4 o o w o o o o o o o . $0.25
Load factor, n, multiples of g « . e e e e e e 4 e e e e 0.2
Initial Wing lift Lo, multiples of—'g e b e e s 4 e e s s . 0.05

Total wing bending moment, Mp, pound—inches ., . . . . . . iO 05 X 106

TEST PROCEDURE

The landing-impact tests were made in smooth water. During these
landing tests, alrspeed, trim varilation, center—of—gravity accelerations,
and wing—spar bsnding moments were recorded. The landlngs were made at
horizontal velocitles ranglng from 95.4 to 112.0 feet per second, trim __ .

w
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angles ranging from 3.00° to 7.83°, and initial flight—path angles
renging from 2.0° to 4.4°, The resulting maximm center—of—gravity
accelerations normal to the keel lime ranged from 1.10g to 1.96g and
the duration of the impacts varied from 0.63 to 0.87 second. The times
to peaek of these normal accelerations ranged from 0.10 to 0.36 second.
Values of these parameters and other pertinent information for all the
tests are presented In table III. '

THEORY

Williams' Method

In reference 1 a method was proposed for calculating the dynamic
effect of an impulsive load applied to an elastic structure. Baslcally,
the method follows classical normel-mode vibration theory by considering
the total response of the elagtic structure to a forcing function at any
instant to be the summatlion of the responses of all of its normal modes
at that Instant. However, a unique feature. of the method 1s that the
total response of each mode ls separated into .e static and a dynamic
component, and the stress due to the sum of the statlic components of
the responses of all the modes 1is found in one calculation by rigld—
body enalysis. This stress is referred to as the static—load stress.
The stress of each mode due to 1ts dynamic component of response is
found separately. The total stress 1g the sum of the static—load stress
and the dynamlc components of stress for the signlficant modes, Time
histories of stress are found in these calculatlons and thus phase
relationships of the modes are consldered when the gtresses for each
mode are added. '

Air-JToad Variatlon

Equations are developed in the appendix for determinlng the effect
of air—load variation on the wing bending moment during impact. The
change in bending moment at any instant is expressed in terms of the
ratio of bending moment to 1lift at time of contact and the wing lift at
that Instant, In developing the equations, the air load 1s assumed to
change Instantaneously with change in angle of attack and. the rate of
change iIn air load ls assumed to be slow epough to neglect structural
dynemic response. Also, the ratlio of bending moment to 1lift is assumed
to be constant throughout the impact.
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CAICULATIONS AND RESULTS

The variations of the wing angle of attack and veloclty during
Impact necessary for computing the changes in bending moment by
equation (4) of the appendix were determined for each_impact from the
recorded data in the followlng manner, The accelerstions normal and
perallel to the keel line, obtained from the three—component center—of-—
gravlity acceleromster, were plotted (fig. 3). After the trim-aengle
variation (fig. 4(a)) was taken into account, these acceleratilons were
regolved Into vertlcal and horizontal components. Integration of the
time histories of these accelerations over the duration of the impact
produced time historles of the changes 1ln vertical and horizontal
velocities. Since the vertical veloclty at the time of contact was
not accurately krown, the Inltlal veloclty was determined so theat
integration of the time-history curve over the duratlon of the Impact
resulted in a final vertical displacement of zero. (The duration of
the impact ls defined as the interval between the time ofcontact and
the time when the center of gravity agaln reached 1ts initial height
above the mean water line. The ingtant of contact was found from a
water—contact indlcator on the step and the time history of the center—
of—gravity displacement was determined from the times of Immersion and .
spmersion of the hull pressure gages, the fixed location of the center
of gravity relative to the step, and trim—aengle time hilstory.)
Integration of the time-hlstory curve of the corrected vertical velocity
from time of contact to the time of zero vertical veloclty determined
the maximm displacement of the center of gravity. The maximum
digplacements determined 1n thls manmner for all the lmpacts agreed
within experimentael error with the maximumm displacements calculated from
the hull pressure gages. Wilth the uge of the corrected vertlical—veloclty
and horilzontal—veloclty tlme historles, time hlstorles of the flight—path
angle v and the resultant velocity were computed. Fram the tlme
histories of trim angle T (fig. 4(a)) and flight—path angle
(fig. 4(b)), the time history of the angle of attack o was computed

(fig. 4(c)).

With the . use of the time historles of angle of attack and resultant
veloclty, the changes 1n bending moment 1n the wing at statlion 9 due to
the changes in air load were determined for each Impact by use of the
equations in the appendix and are presented in parts (a) of figures 5
to 10.

The procedure of reference 1 was used to compute the bending
moments becauge it provides a convenient means of applying the principles
essential to a dynamic—loads anslysis which results In time histories
of the wing bending moments. The forcing function for each impact was
determined from the normal accelerstion measured in the hull by an
accelerameter located near the seaplane center of gravity. Because of -
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the manner of commection between the wing and hull (fig. 1), the
measured acceleration was not apprecliably affected by the oscilllations
of the wing. By including the effect of the verying wing 1ift on the
center—of—gravity acceleration, the acceleratlion normal to the keel
line due to the hydrodynamic force only was determined. From this
acceleration and the mass of the geaplane, the hydrodynamic forcing
functlon was celculated, The dynemic responses of the significant
modes to this forcing functlion were computed by a recurrence method
developed at the Langley Structures Research Divislion In which the
actual forcing functlon 1s used without approximation. Only the
dynamic effects of the fimdamental Ppending mode were included in the
final results because calculatlong showed the dynemic effects of the
second symmetrical bending mode to be negligible., This observation
was borne out by the absence of higher mode effects on the strain-gage
records, The calculated time histories of the static water—load and
dynsmic water—load components of wing bendlng moment at station 9 are
pregented in parts (a.) of figures 5 to 10. The spanwise bending—
momeont digtribution for the fundamental-mode 1 g inertia loading
calculated as set forth 1n reference 1, a 1 g static water loading, and
a level—flight loading are plotted in figure 11. The values of the
pendling moment at statlon 9 used in the application of the method of
reference 1 were obtalned from this plot.

These three components of wing-bending-moment changes obtalned in
this mammer for station 9 were combined and added to the wing bending
moment existing at the instant of contact., This total theoretical wing
bending mament 1s presented in parts (b) of figures 5 to 10 together
wlith the wing—-bending-moment variation measured by the strain gage at
gtation 9.

In order to demonstrate the accuracy gailned by using the actual
forcing function, responses were computed for two typical Impacts with
the use of apparsntly good approximations to the recorded forclng
functions. Parts (&) of flgures 12 and 13 show the actual forcing
functlons for these impacts together with the approxlimations. The
responses to the spproximations are presented in parts (b) of
figures 12 and 13 together wlth the responses obtained from the actual
forcing functlions with the use of the recurrence msthod.

DISCUSSICN

Comparigong between the total theoretical and experimental wing
bending moments are presented in parts (b) of figures 5 to 10. The
comparisons are made only for wing station 9 because the bending momsnts
in the outer wing sectlon were so small as to be of the same order as
the estimated error. Only the dynamlc effects of the fundamental
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bending mode. wore Included 1n the final results because calculations
gshowed the dymamlic effects of the second symmetrical bending mode to be
negligible. Thls negligibllity was borne out by the absence of-higher-
mode effects on ‘the strain—gage records. The comparisons show the
predicted values to be In good agreement with the experimental values.
Ag can be geen from the flgures, the phase relationghips between the
theoretical and experimental values are conglstently good, and the
maximm changes from initial conditions show & rangs of error of 5

to 28 percent based on the experimental values of the maximum changes
in wing moment. Theseé results.indicate that when the three components
of moment are included 1n the theory, good agreement 1s obtalned,

A comparlson of the level—flight bending moment and the change in
bending moment due to the heavlest Impact—of the tests shows that the
maxlmum change in bending moment-accompenyling e downwerd motion of the
wing was approximately 50 percent of the level-flight moment (figs. 1l
end 5(b)). This meximum bending—moment change was produced by a
2.03g impact, When any differences in the response factor and any
change in air—load bending moment-are neglected, landings of over kg
would be required for the downward motion of the wing merely to start
stress reversal 1ln the wing. Similarly, even if the maximum dynamic
water-load bending moment (fig. 8(a)) caused by a 1l.94g impact were
to be twice as large for a kg impact, were to exist after the water
load was removed, and were to be superposed on a level—flight moment—
the moment produced by the upward motion of the wing would still be
less than twlce the level—flight moment. Therefore, the. change 1n
bending moment due to a landing lmpact is unimportant in this seaplane
insofar as this change will not produce critical stresses at the wing
root. This unlmportance may be largely asttributed to the fact-that the
fundamental-mode 1 g fnertia loading is relatively emall as compared
with a level—flight loading (fig. 11). '

The effects of structural flexibility on the computed bending
moments can be geen by comparing the statlc and dynemic ¢omponents of
the water—load bending moment—in parts (a) of figures 5 to 10 and by
observing the dynamic response factors w in table IIT. The dynamic
overatrogs attributablée to structurel flexibllity 1s the dynamic -
component of stress-in parts (a) of figures 5 to 10 and is represented.
in the responsé factdor u by the amount that this factor dilffers from
unity. Since response_feactors ag high as 1.97 sre obtalned, the dynamilc
overgtress sometimes contributes ah increment of stress almost as large
as the gtatlc water—load stress. Thls obgervation 1s 1n agreement with
the results of other investigators (bibliography) and shows the necessity
of using dynamic analyses in landing—load investigations.

The changs 1n wing bending moment due to change 1In alr load on the
wing 1s a functlon of the changes 1n velocity and angle of attack. (See
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the appendix.) In these tests the changes in velocity during the
impacts were small (table IIT) and the. changes in air—load bending
moment were therefore almost entirely attributable to the changes in
angle of attack., Since the angle of attack 1s a function of the trim
and flight-—path engles, large changes In angle of attack will occur
when the trim and flight-path angles change to a great degree., For
the relatively small changes In trim angle and flight—path angle which
occurred in these tests (the maximm values being 9.31° and 7.0°,
respectively), alr—load changes as large as 0.2g wore computed. For
this alrplene, these changes in alr—load bending moment were of about
the same magnitude as the bending-—moment changes due to the static
component of loeding (parts (a) of figs. 5 to 10) and inclusion of the
effects of alr—load changes in the calculatlons was therefore necessary.
For other alrplanes with structural and mass characteristics conducive
to larger 1lnertie—load moments, the bending-moment changes accompanying
a 0.2g change In alr load would be smell relative to the changes In
bending moment caused by inertia loads. However, for more severe
changes 1n flight—path angle, which should be conslidered in a design
analysis, the effects of the change in air load on the bending moment
in the wing msy still be large enough to warrant conslderation in a
design anaslysis. Further investigation is necesgary to determine the
importance of thils alr—load variation 1n design—strength calculations.

In mogt landing tests the applled forcing functions are not
easlly obtalnsd from the center—of—gravity accelerations because of the
superposed acceleratlons caused by structural oscillations. 3But
because the fuselage of this airplane 1s connected to the wing by struts
located near the nodal point of the fundamental mode which represented
the greatest portion of the wing bending and by a nonstructural fairing
which neither transmitted nor lnterfered wlth the wing oscillations,
the accelerometer in the fuselage was not appreciably affected by the,
wing oscillations in these tests.

The calculation of the dynamic response of each of the normal modes
of the seaplans involves solving for the response of an eguivalent
simple mass osclllator to the glven forcing function. Imn this
cglculation it ls common practlice to epproximate the forcing function
in order to simplify the computation. ' In order to Indicate the effect
of such epproximstions on the accuracy of the response, figures 12
and 13 have been prepared. - In these figures are shown two typical
forcing functions, various simple approximastions to each, and the
regponges camputed from the two forcing functions and thelr approxi—
mations. By comparing the calculated responses of the approximations
to those of the recorded forcing functions in figures 12(b) and 13(b),
it ie seen that errors as large as 20 percent 1in the total response
may be Introduced into the calculatlons by use of apparently good
approximations. A recurrence method developed by the Langley Structures
Research Divigion was used to compute the total responses to the recorded
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forcing functions used in preparing flgures 12 and 13. In this

procedure the motlon of each of the slgnlfiicant normel modes of the

alrplane l1g computed from the equation of motlon of _an equlvalent

simple mags osclllator subjected to the recorded fqorcing functlon.

Figures 1lu4(a) and 1L4(b) have been prepered to show the accuracy with B}
which the total response of the equlivalent simple mass ogcillator can

be obtailned by this procedure. Comparison is made of the ratios of

the total response ¢ +o the maximm static regponse of the normal

mode Osmax for simple Sinusoidal and triangular fgrcing_functions

calculated by both this method and Duhemel's integral. It can be ageen -
that excellent agreement is obtained. . ' o

CONCLUSIONS

Experimental wing bending moments obtained from a landing—impact—
investigation with a small full-scale seaplane were compared with
analytical results. The effects of the varlatlon in alr load during
the impacts were included in the analytical procedure. The responses
of the fundemental mode were.celculated from the recorded time histories
of the applied hydrodynamic forces. For the geaplane teated and the
conditions of the Impacts encountered, the following conclusions may be
drawn: .

1. Good agreement between measgured end computed wing bending
moments was obtalned when the three components of the wilng moment
(static water—load moment, dynamic water—load moment, and air-load
moment) were included in the calculations,

2. The effects of structural flexibllity on the wing bending
moments, represented by the dynamic overstress and understress, were
large, the moment-due to the dynamic component of the total response
being as much as 97 percent—of that caused by the statlc water—load
component . '

3. Although the changes in sedplane attitude during the landing
impacts were small, the varilation in the air—load component of the
total moment was of about the same megnitude as the gtatic water—load
component. Although thls comparison of changes 1s not representative
of the relative lmportance of the alr—load varlation in seaplanes wilth
structures conducive to large Inertla—load components, 1t indicates
the probable significance of the effects of air-load variation since
large changes In seaplane aftitude mugt—also be considered.

Langley Aeronauntical Laboratory
National Advisory Commlittee for Aeronautics
Langley Air Force Base, Va., December 21, 1949

Y
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APPENDIX

DETERMINATION OF THE EFFECT OF CHANGE IN ATR

IOAD ON WING BENDING MOMENT

In order to determine the effect of change Iln air load on the
bending moment in the wing during lmpact, a procedure was developed to
determine the moment at any time + Iin terms of the ratioc of bending
moment to 1ift at time of contact and the wing 1ift at time t. The
ratio of bending moment to 1ift was assumed to be constant, or

=

i

o
Lo
Therefore,
M=
Iy

or

S
-

[¢]

M=— pSVzCL
LO

The ratio M,/L, was obtained from initlal conditlons. The change in
moment may be expressed as

Hloz

o

1 2 M1
MO—M_= 5 oSV CLO"'EEPWECL
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/
1 v=C
MM = %’E psvochoKl - T ) | (1)

The numsrical value of CLo may be celculated from the 1ift equation

and inltial conditions. Therefore,

or o - T

W
L
(o} E pSV02

where n 1s the acceleration in multiples of g &acting on the sesaplane
at contact and W ' 1s the seaplane welght—1in pounds.

From the curve of Cp plotted agalnst a (no flaps) supplied by

the manufacturer, the initilal conditions were found to lie in the —
straight portion of the curve for all impacts consigered. The equation L
for. C;, may therefore be expressed as _ T ) L ' o

CL=K+m (2)

where K 1is the C; Intercept-at o = Q° and m _1s the slope of the

curve. The value of X was determined from the initial conditions of .. o —-
the impacts. Since the slope of the curve of  Cp plotted against «

1s constant regardless of flap setting, an average value of X was
believed to be.usable, provided the srror in calculating the 1lift with
the use of this average value would not be greaster than that estimated
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for the recording instruments. Accordingly, such a procedure was carried
out and the maximum error was 3.6 percent. Since the slope of the 1lift
curve is known to be 0.0498, equation (2) may be written

Cr, = Koy + 0.0498a (3)
Substitution of eguation (3) in equation (1) for Cy, results in

My 1 V2 (Kay + 0.011-980(.)-]

M = I, 5 ;:SVO2CLO 1- Vo2CL° J
or
= B[l _ T2(Kay + 0.0498x) (1)
e
where
B.= B;—Z % psvocho
C = Vo201,

Eqﬁation (4) expresses the change in bendling moment AM due to
change in air loed in terms of inlitial conditions and measured
variables. '
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TABIE T

GENERAL INFORMATTON ABOUT SEAPLANE USED

LANDING—IMPACT INVESTIGATION

Approximate flying welght during tests, 1b . .
Stalling speed (flaps down), fDE « « o « o « &
Wing area, 80 £ &« &« ¢ ¢ o ¢ o o« ¢ o a2 s s «
Flrst natural frequency, CPS « « « ¢« « « o o o«
Second natural frequUONCY, CPE & o o ¢ o o o o

7

L L L) 19 , 200

9k
.« .« T80.6
)

o o . 13.0
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TABLE IT

NACA TN 2063

WEIGHT DISTRTBUTION AND MODE-SHAPE FACTOR FOR FUNDAMENTAL

BENDING (L4.76 cps) MODE OF WING SEMISPAN

Distance from Asggoclated
centar 1ine R Mode—shepe factor
(in.) )
9 'éé' ~0.045
31 1 —.0lk
87.1 5076 ~.022
e 881 —.00k
170 116 [053
210 102 .110
220 88 .190
290 181 .270
330 64 "370
370 53 i
kho 18 . 730
17T ko .860
516 T 1.000
Total 9600




TABLE TIT

FLIGHT AND TMPACT VARTABLES

AV,

AV,
P s P P ol e e e e B R s ﬁ 9638 o e N Il NGO s PO i i
1 {103.0] k0L 5.1| 8.37 {0.587 1.96 2.03 |0.264{1,90 |0.508 0.37TI0.221 0,587 0.69{ 3.8 0.575x105 1.b17.83] 1.30 [10.6§ 5.20 | k.7
2| o 3.8 | 3.5 7.20 | 487 1.2l | 1.26 | 815219 | .e59) .e60| .1o7 MB7| .87]6.28| .2%0 1.2316.01 ] s.07 | 81200 ke
3 {100.5] 3.46 | 7.2)1l.29 | 307 1.61 | 1.69 | .209|1.39 | .340| .625) .191] .30k| .65{3.L43| .MO 1.53(5.72| 5.2L | 9.8¢{%.36 | 6.5
k [112,0] 3.83 | 8.6 |23.6% | .26 1,90 | 1.9% | .25511.89 | .375| .6B9| .190 .e76| .63|1.90| .L83 1.97]3.00| 9.3 | 7.3 05| 7.0
5 |105.9 é.sh LA [ 810 | k37t 1,16 | 1.2k | 1831015 | (285 .329| (143 WW35| LT B.95) L35 1.h2{6,07) b8 | B.4%3.29 | L.
6 |1oh.1] 3.42 | 3.6| 6.90 | .ue5| 1.10 ) 1.19 | .208|1.07 | .310| .268| .133 o6 .B0]6.85( .335 1.1307.39] 3.30 | 9.342.67| 3.8
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1. RACA optical-recording three-
component accelerometer

3. Pressure gages and water contacts

2. Gyroscoplic itrim recorder ). Water-contact indicator

Figure 1.- Seaplane and instrumentation.
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Mode-ghape factor
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/ emeuipse I ul
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Distance from seaplane center 1line, in.

Figure 2.~ Experimental fundamentsel bhending-mode shape of wilng semiaspan.
Frequency, 4.76 cycles per second.

€902 NI VOVN

3




22

Acceleration, multiples of g

.z

l.4

1.2

.8

'6

4

2

NACA. TN 2063

| | I L ! |

.L
W .1 .2 .3 4 .6 6 .7

Time, sec

(b) Acceleration normel to seaplane keel line during impact.

Figure 3.- Typical accelerometer records apnd fairings.
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11 r

(a) Trim-sngle varistion during impect.

-3 1 I L 1 l I I I ] 1 1 1 1 I

(b) Flight-path-angle varilation during impact.

«, deg

0 . l - 2 Y 3 . h . 5 3 6 . 7
. Time, sec -
(c) Angle-of-atteck variation during impact.

Figure U.- Typical time histories of pitching motion based on recorded
and calculated data.
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(a) Components of wing-bending-moment changes d:u.ring impacts
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Wing bending moment, lb-in.
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(b) Totsel wing bending moment during impact.

Figure 5.- Wing-bendihg-moment time histories during impact, run 1.
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Dynsmic water-load moment —
o — ——— = /~ \\ >\ - p
T e e S S S Sy
2 Static weter-loasd momen'b-: Alr-load moment
(a) Components of wing-bending-moment changes during impact.
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. - Level-flight moment
N IR (N N P il
a
1.2
g
®1l.0
g
[}
X .
w0 -l 1~ Total theoretical moment LN e
g 8 < 71— <= /
\\ ‘4 / \ -
1 /
\(\ / ~_
L~
.6 \_ s
— Total experimentel moment
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(b) Total wing bending moment during impact.

Figure 6.- Wing-bending-moment time histories during impact, run 2.
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2

Wing bending moment, 1b-in.
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'2

- NACA TN 2063

x 108 T T T T - ———
Dynamic water-load moment — Static water-loed moment—
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\:D( Air-load mcnne‘ntj‘—;/ —_—

(a) Components of wing-bending-moment—changes during impact. . e
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1 5 «8 o7
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{b) Totel wing bending mémeit during impect.

Figure T.- Wing-bending-moment time hietories during impact, run 3.
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(2) Components of wing-bending-moment changes during impact.
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5 i— Total experimental moment
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(b) Total wing bending moment during impect.

Figure 8.- Wing-bending-moment time histories during impact, run L,
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Dynamic water-load moment
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(b) Total wing bending moment during impact.

Figure 9.~ Wing-bending-moment time histories during impact, run 5.
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Figure 10.- Wing-bending-moment time histories during impact, run 6.
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———— Level-flight bending moment

———— 1 g static water-load bending moment

Fundamental-mode
\ ' 1 g inertis-load bending moment
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Distance from seaplane center line, in.

Figure 1l.~ Level-flight and landing-impact bending moments.
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Figure 12,- Recorded forcing function Pfor run 1&, approximations, and calculated responses.
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(b) Calculated responses to forcing function and approximations.
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Figure 12.- Concluded.
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(b) Calculated responses to forcing function and approximations.

Figure 13.- Concluded.
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Figure 1b.- Comparison of total responses.

(a) Responses to sinusoidsl forcing function.
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(b) Responses to triangular forcing function.

Figure 14.- Concluded.
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